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Resin compsn. for substrates of printed circuits, etc. - comprises styrene polymer, 
thermoplastic resin compsn. and fibrous resin component of specific cpd. for low dielectric 

constant etc.. 
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Abstract 

JP 3 October, 733 A UPAB: 27 February, 1996 

A resin compsn. (R), with low dielectric property, comprises: (A) a styrene polymer of main syndiotactic structure; (B) a 
thermoplastic resin compsn; and (C) a fibrous resin component of a cpd. of formula : aAxOx bB203 (where a and b = 1-9; 
A=l-3 valent metal element; x = 2 and y = 1 ; x=y=l; or x=2 and y=3) or a resin of formula: pMvOw qSi02rH20 (where 1 at 
most p at most3; 0 at most r at most 1 0; v = 2 and w=l; v=w=l ; or v=2 and w=3 and M = same as A in above formula). The 
amount of (B) is 5-60 weight% based on the total weight of (A) and (B). 
USE - Used for substrates of print circuits of electric or electronic devices. 

ADVANTAGE - The compsn. has a low dielectric constant a low dielectric tangent, heat resistance and heat conductivity. 
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(57) [Abstract] 
[Objective] 

It offers a resin composition possessing low dielectric 
constant, low dielectric tangent, heat resistance, and thermal 
conductivity as circuit board for electrical and electronic 
equipments that are in great demand. 

[Constitution] 

The dielectric resin composition, wherein the resin 
composition comprising (A) syndiotactic styrene polymer and 
(B) thermoplastic resin, is blended with (C) fibrous substance 
having general formula aA x O Y * bB 2 0 3 (a and b can have the 
values from 1 to 9, A is metal element having valency 1 to 3, 
x and y nay be x = 2, y = 1, or, x = y = 1, or x = 2, y = 3), or 
fibrous substance having general formula pM v O w ' qSi0 2 * 
rH 2 0 (lg pg 3,1<; 3,(K 10, v and w may be v = 2, w 
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=1, or v = w = 1, or v = 2, w =3) in the ratio 5 to 60% to the 
total weight . 



[Claim(s)] 
[Claim 1] 

The dielectric resin composition, wherein the resin 
composition comprising (A) syndiotactic styrene polymer and 
(B) thermoplastic resin, is blended with (C) fibrous substance 
having general formula aA x O Y ' bB 2 0 3 (a and b can have the 
values from 1 to 9, A is metal element having valency 1 to 3, 
x and y nay be x = 2, y = 1, or, x = y = 1, or x = 2, y = 3), or 
fibrous substance having general formula pM v O w * qSiCV 
rH 2 0 (lg pg 3,1^ qg 3,(K rg 10, v and w may be v = 2, w 
=1, or v = w = 1, or v = 2, w =3) in the ratio 5 to 60% to the 
total weight . 



[Claim 2] 



The dielectric resin composition, wherein the resin 
composition comprising (A) syndiotactic styrene polymer, (B) 
thermoplastic resin, (D) styrene copolymer selected from the 
group of epoxy modified styrene- styrene copolymer, epoxy 
modified styrene-methyl methacrylate copolymer, 
styrene-maleic anhydride copolymer, styrene-phenyl 
maleimide copolymer, styrene-acrylic acid copolymer, 
styrene-methacrylic acid copolymer is blended with (C) 
fibrous substance having general formula aA x O Y ' bB 2 0 3 (a 
and b can have the values from 1 to 9, A is metal element 
having valency 1 to 3, x and y nay be x = 2, y = 1 , or, x = y = 
1, or x = 2, y = 3), or fibrous substance having general 
formula pM v O w - qSi0 2 - rH 2 0 (lg 3,lg qg 3,0g rg 10, v 
and w may be v = 2, w =1, or v = w = I, or v = 2, w =3) in the 
ratio 5 to 60% to the total weight of A+B+D . 
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[Claim 3] 

The dielectric resin composition mentioned in claims 1-2, 
wherein (B) thermoplastic resin is one kind or atleast two 
kinds selected from polyphenylene ether, polyether imide, and 
polyphenylene sulfide. 

[Claim 4] 

The dielectric resin composition mentioned in claims 1-2, 
wherein (C) fibrous material is atleast one of the material 
selected from the group of aluminum borate represented by 
9A1 2 0 3 * 2B 2 0 3 , 2A1 2 0 3 * B 2 0 and magnesium borate 
represented by 2MgO B 2 0 3 . The average size of fibrous 
material is 0.05 to 5|J m, and average length is 2 to lOOp m. 

[Claim 5] 

The dielectric resin composition mentioned in claims 1-2, 
wherein component (C) represented by general formula 
aM x Oy bSi0 2 * cH 2 0 having aspect ratio atleast 6 is contained 
in the proportion 60% by weight, and fibrous material having 
size less than 5[i m is contained in the proportion atleast 80% 
by weight. 

[Claim 6] 

The dielectric resin composition mentioned in claims 1-2, 
wherein component (C) fibrous material represented by 
general formula pM v O w • qSi0 2 * rH 2 0 is represented by 
pCa v O w * qSi0 2 * rH 2 0 (p, q, r, y, w, and M are same as above). 



[Claim 7] 

The dielectric resin composition mentioned in claim 6, 
wherein component (C) fibrous material represented by 
general formula pM v O w • qSi0 2 - rH 2 0 is wollastonite or/and 
xonotlite represented by 6CaO 6Si0 2 - H 2 0 of mainly CaO ■ 
Si0 2 . 

[Description of the Invention] 
[0001] 

[Field of Industrial Application] 

The invention relates to low dielectric resin composition. 

[0002] 

[Prior Art] 
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4.5-5.5 tK. Bf«JE&« 
0.020-0.035 fcftlifc0>?*U%<D3iA#S 

[0003] 

ainum^ *u*m©flHRfca*nrfi6t:* 



Conventionally, glass epoxy board prepared by impregnating 
thermosetting resin epoxy resin on glass mat and then 
thermosetting, as circuit board material. It could not be used 
as planar painted board. Moreover, the dielectric constant was 
higher than 4.5 to 5.5, dielectric tangent was also higher than 
0.020 to 0.035, and hence it was not preferred as circuit board 
material for electrical and electronic equipments. 



[0003] 

In recent years, in order to communicate lot of information 
along with the fast increase in the communication by 
electromagnetic wave signal, the frequency of the electric 
signal used for electrical equipments is shifted to the high 
frequency waveband of several hundred MHz - several tens 
GHz for the improvement in the processing speed of a 
computer. 



##«Am*ttflj*c«oTi*. mums. 

[0004] 

IPS, «M*0&Mffittn Td(ns/m)fcK 
m^l*,Td=3.33(e eff ) 1/2 (e eff :il8)iSB^)<Dll 

6 -r s P.ifs> z> z 1 1, t> tt * . 

[0005] 

*3t, R«»&a D(dB/m)«> a D=27.3x(f/ C ) 
x(£ ) ,/2 xtanS <Dll&tf<&U,#lCAJ3$?F$ 

M*fcB«IE»<D'.h*fc«R)ir 

[0006] 

=2ft7c«jB * w^c u 1 t © t u t m^m®. 



In order to use it for high frequency band region application, 
it is important to manufacture circuit board with the material 
having superior dielectric properties. 

[0004] 

In other words, propagation delay time Td (ns/m) and 
dielectric constant is given by the relation Td=3.33(£ e ff) 1/2 
(£ eff : effective dielectric constant). If dielectric constant is 
low, the propagation delay time becomes short, i.e., with high 
sound wave velocity, high speed processing is possible. 

Furthermore, if there is a variation of dielectric constant in 
base material by the formula, variation will be produced in 
signal propagation speed, there would be a possibility of 
serious hindrance to signal transmission. 

[0005] 

In addition, dielectric lossa D(dB/m) is related asa D=27.3* 
(f/c)x(e ) m *tan5 • I" h'gn frequency band region, 
transmission energy is lost very easily, hence, there is a need 
of base material of small dielectric constant and dielectric 
tangent. 

[0006] 

In addition, recently, the structural components, such as 
circuit board and sash are made into three-dimensional circuit 
board integrated by injection molding. But, glass epoxy resin 
cannot be used as planar printed board. 



The thermoplastic resin that can be molded three 
dimensionally forms the matrix resin, and reinforcing fibre, 
such as glass fibre, milled glass fibre, or potassium titanate 
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10007] 
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whisker is used, which is mentioned in Kokai no. 03-35585.In 
addition, powdered inorganic filler (talc, calcium 
pyrophosphate, etc.) can be used in place of reinforcing fibre, 
but the base material reinforced with potassium titanate 
whisker is not preferred because of high dielectric loss, 
dielectric constant of potassium titanate. 



In addition, the substance blended with powdered inorganic 
filler has comparatively low dielectric constant, and due to 
large dielectric loss, it possesses a problem of low signal 
transmission %. 

[0007] 

Furthermore, when thick fiber, e.g., glass fiber is used, the 
surface smoothness of the resin deteriorates. 



The blending of fibre plays an important role in decreasing 
the thermal expansion, or improving the mechanical 
properties. But, in case of substrate material, deterioration of 
surface smoothness poses a big problem. 

For example, the reinforced fibre mentioned in patent 
publication 03-35585 is glass fibre or milled glass fiber. The 
size of most of the fibres is 5~l5(J m, length is atleast 100 
(J m, but the deterioration of surface smoothness cannot be 
avoided. 

When surface smoothness was deteriorated, the uncoated 
portion was developed during the formation of fine circuit by 
plating. When gold wire was connected with the wire bonder, 
the terminals of wire bonder were damaged. 



[0008] 
[0009] 



Furthermore, after examining the behavior of electron in high 
frequency, it is clear that the electron moves in the vicinity of 
the surface in high frequency band region. 

Therefore, when using the material whose surface smoothness 
is deteriorated for the circuit board, it results in delayed signal 
transmission due to long transfer distance of electron, and 
hence undesirable. 

[0008] 

On the other hand, polyether imide and polyphenylene sulfide 
excels in heat resistance, electrical insulation properties, and 
mechanical properties. In addition, polyphenylene ether also 
possesses superior properties, e.g., electrical properties, 
mechanical properties, etc. 

[0009] 

Generally, polyether imide and polyphenylene sulfide has 
comparatively high dielectric constant, there are limitations in 
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U>^l7-f KCJt^Sfc, jfUIM£CB$« 



performance of insulating material used for high density, 
multilayer integration, or high speed, high frequency circuit. 

On the other hand, syndiotactic polystyrene as compared to 
polyether imide, polyphenylene sulfide has low heat 
resistance, low dielectric constant, but possesses outstanding 
electrical properties. 



[0010] 

U * ft ft <D *' U "7 - 05 4# 14 € 0f i+ 8 "3 * U 

7-7 u > k owaiRtftfftA, c wse* ftT 

[0011] 

»H«#*cisi,*TBmfti*a>«ftfc 
«■ » t u t » * » m s. x* e a t o t » ^ * & 



In addition, when compared to polyphenylene ether, the heat 
deformation temperature increases when fibrous substance is 
used, and excels in thermal properties. 

[0010] 

The resin design of the polymer blend having the 
characteristic of each polymer is well studied by blending 
atleast two kinds of polymers with different properties. 



Since most of the polymers are incompatible, there is a 
problem of deterioration of mechanical or electrical 
properties, or vary by the portions. 

[0011] 

In addition, fluorinated material can be used as material with 
outstanding dielectric properties in high frequency band 
region, but such kind of resin has inadequate strength, and 
cannot be used as base material due to large linear expansion 
coefficient. 



[0012] 
[0013] 

± fc L T v > v *2 7 v 7«i& 7 

f- u > %&n£» t m wflttttini t <r> t □ 4 

tt, ftli 2 ? 1-182344 4$!!? 1-182349 

a*, ®ffi^ 1-182350 

1-245052 4$^^ 1-259053 -S§-^i8, # 

PiS 2 !* 2-64140 -§- y A v ^, ftHT 3-126743 



[0012] 

Furthermore, since electronic products, such as IC, are highly 
integrated, the material with high thermal conductivity is 
undesirable in order to radiate the heat produced while using. 

However, the thermal conductivity of polymers is, generally, 
low, but it cannot be improved only by using polymer blend. 



[0013] 

The resin composition where fibre is blended with the alloy of 
syndiotactic styrene copolymer and thermoplastic resin is 
mentioned in patent publication JP01-182344, JP01-182349, 
JP01-182350, JP01-245052, JP01-259053, JP02-64140, 
JP03-126743. The resin composition showed improved 
mechanical properties, but could not satisfied low dielectric 
constant, low dielectric tangent as electronic and electrical 
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components. 



[0014] 

Furthermore, thermoplastic resin composition containing 
magnesium pyroborate (Japan Patent Publication 03-203961), 
resin composition blended with aluminum borate whisker 
(Japan Patent Publication 02-166134), resin composition 
blended with wollastonite (Japan Examined Patent 
Publication 51-8412), resin composition blended with 
xonotlite (Japan Examined Patent Publication 
53-20532,63-22221, etc.) is proposed, but these are no better 
than composition excelling in mechanical strength. 

[0015] 

[Problems to be Solved by the Invention] 

The objective of the invention is to offer resin composition 
possessing low dielectric constant, low dielectric tangent, heat 
resistance, and thermal conductivity as circuit board for 
electrical and electronic equipments. 

[0016] 

[Means to Solve the Problems] 



The dielectric resin composition, wherein the resin composition 
comprising (A) syndiotactic styrene polymer, (B) thermoplastic resin 
is blended with (C) fibrous substance having general formula 
aA x O Y * bB 2 C>3 (a and b can have the values from 1 to 9, A is metal 
element having valency 1 to 3, x and y nay be x = 2, y = 1, or, x = y = 
1, or x = 2, y = 3), or fibrous substance having general formula 
pM v O w - qSi0 2 - rH 2 0(l^ pg 3,lg qg 3,0^ rg 10, v and w may be 
v = 2, w =1, or v = w = 1, or v = 2, w =3) in the ratio 5 to 60% to the 
total weight . 



[0017] 

In addition, (D) styrene copolymer can be blended, if 
required. 

[0018] 

The inventor found that the specific fibre decreases dielectric 
tangent, and this effect can be efficiently utilized in electricity 
and electronic circuit board material in a high frequency 
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H. #yixU>-r7*U-M»IK» *'J7 
xU>x7^U-h*flB*if*«i*-9-*^fc 



domain. In addition, a resin composition where specific fibre 
is blended with the alloy of syndiotactic styrene polymer, 
thermoplastic resin, styrene copolymer, if required, was 
developed that solved the problem of the conventional 
technology entirely. 



[0019] 

Generally, as syndiotactic styrene polymer, polystyrene 
having syndiotacticity atleast 75%, preferably atleast 85% in 
case of diode, or, atleast 30%, preferably 50% in case of 
pentad (racemic pentad), poly(alkyl styrene), poly 
(halogenated styrene), poly (alkoxy styrene), poly( vinyl 
benzoate) or their mixtures, or copolymer of mainly these, are 
listed. 



[0020] 

As thermoplastic resin, polyphenylene ether, polyphenylene 
ether with improved impact strength or moldability after 
addition of polystyrene or styrene butadiene type elastomer, 
5-methylpentene resin, cyclic olefin of mainly norbornene 
resin, impact resistant ABS resin with high deformation 
temperature by copolymerizing with maleimide, 
polyamide-4,6-hexamethylene diamine obtained by 
condensation polymerization of 1,4-diamine butane/adipic 
acid and polyamide-6T obtained from terephthalic acid, 
impact resistant polyamide resin, e.g., modified polyamide-6, 
6/6T, etc. where terephthalic acid is partially substituted by 
isophthalic acid or adipic acid, polyphenylene sulfide resin, 
aromatic polysulfone resin, polyether imide resin, polyether 
ketone resin, polyether nitrile resin, thermotropic liquid 
crystal polyester, thermally fusible fluoro resin ,e.g., 
ethylene/tetrafluoroethylene copolymer, 
tetrafluoroethylene/perfluoro alkoxy vinyl ether copolymer, 
polyethylene naphthalate resin, polybutylene naphthalate 
resin, etc. 



[00211 



[0021] 

Styrene copolymer used in the invention are epoxy modified 
styrene-styrene copolymer, epoxy modified styrene-methyl 
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[0022] 

aAxOy- bB 2 0 3 (Z.ZLT-aRCJ f btt^-tl^tl 1-9 
0)$jLA 1* 1-3 ffitP&ff 7C*t*x Rtf y » x=2, 
y=l t»U<» x=y=l feU<» x=2, y=3)T-7p 

Mg,Ca,Cr,Mn,Fe,Co ) Ni,Cu,Zn,Al,Ga,Sr,Y,Zr,Nb 
,Mo,Pb,Ba,W,Li g£#lf £ CttfT't^o 

fc#T'fc0!lx.tf A Al T***?!^!^ 

SCJ?2:lA\fc<Dfc UT\ 9A1 2 0 3 - 2B 2 0 3 X 
»5$2Al 2 0y BiOiT-miEftZSjO)*®*?* 

[0023] 

#*L<B7;ia'J 

1 •0<D^n4SiJ<7)#l£TlCT, 600-1200 
deg C <D*5ffl(D^MlZiP^UTS^, W 

«* ii* c t c * vj §^ c§8i&<* o 

5S 9A1 2 0 3 - 2B 2 0 3 T'^*tl**'t7K7>'U5Z 
-^A^-i SifcM 2.93-2.95, M& 

1420-1460 deg Cf$U, 900-1200 
degC CTttfi£ftfc£0J5r#*lA\, 

^t> 5t2Al 2 0 3 - B 2 o 3 X-7r^n^OWtT)l 
5.-0A?4XJj-&KlkS. 2.92-2.94, At£ 
1030-1070 deg C U s jftAfflft 600-1000 
deg C C T m it £ tl 1 0 /f* » m L I* c 

[0024] 



methacrylate copolymer, styrene-maleic anhydride 
copolymer, styrene-phenyl maleimide copolymer, 
styrene-acrylic acid copolymer, styrene-methacrylic acid 
copolymer etc. Amongst the all, epoxy modified 
styrene-styrene copolymer, epoxy modified styrene-methyl 
methacrylate copolymer, styrene-maleic anhydride 
copolymer, are preferred. 



[0022] 

The fibrous substance is represented by the general formula 
aA x O Y - bB 2 0 3 (a and b can have the values from 1 to 9, A is 
metal element having valency 1 to 3, x and y nay be x = 2, y = 
1, or, x = y = 1, or x = 2, y = 3), the examples of A are Mg, 
Ca, Cr, Mn, Fe, Co, Ni, Cu, Zn, Al, Ga, Sr,Y, Zr, Nb, Mo, Pb, 
Ba,W, Li etc. 



Amongst the all, when A is Al, aluminum borate whisker; 
when A is Mg, magnesium borate whisker; when A is Ni, 
nickel borate whisker, is preferred. 

As aluminum borate whisker, 9A1 2 0 3 .2B 2 0 3 or 2A1 2 0 3 .B 2 0 3 
are preferred. 



[0023] 

The white needle crystal of whiskers are prepared easily by 
reacting atleast one kind of aluminium components selected 
from aluminum hydroxide and aluminum inorganic salt, 
atleast one kind of boron compound selected from oxide, 
oxyacid and alkali metal salts of boron at calcination 
temperature 600 to 1200°C in the presence of sulfate, 
chloride, and carbonate of preferably alkali metals. 



Aluminum borate whisker represented by 9A1 2 0 3 . 2B 2 0 3 
having true specific gravity 2.93-2.95, melting point 
1420~1460°C, is manufactured at calcination temperature 
900-1200°C. 

In addition, aluminum borate whisker represented by 2AI 2 0 3 . 
2B 2 0 3 having true specific gravity 2.92-2.94, melting point 
1030~1070°C, is manufactured at calcination temperature 
600-1000°C. 

[0024] 
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sift, ftm£tiTvz*owtT)is.=.rjAO 

fT^-tLTtt, ^9A1 2 0 3 - 2B 2 0 3 

q D p=S r 7;U#Uy?7sGj C0)t»<7) 
©JP^IIHISI* 0.5~lp nu ?£«U(E«I* 
10~30p m T-$-2>o 

£fc#glIJ&i;±l2 9A1 2 0 3 - 2B 2 0 3 ; 6$'ftg 
ffl^^t»S7tl?ffl^4 , t:T 1200-1400 deg 

0-SP*B«l* tt fcHa« fcfcffi * * t tfx- 

[00251 

5t2MgO- B 2 O 3 T'^£*l£fc<D£0!l^T*££ 
H<D^*6iMl#n^>^*< tt 1 o<7)T^^ 

< bap? h u 0Aifed;o7\py >{t 

^S4§lJW#ftTt:T. 600-1000 deg C 

5fc2MgO- B 2 0 3 T-^£:H£* , 5R7JI,5.~0 
A^-T^-tl/Ttt, MJ±S 2.90-2.92, It 
& 1320-1360 deg C 0)fc0>##* U ^„ 

0.05~5p m> 2 P*3fililS2~100M mrofcfDtfl 

«£fl>3»*#6, 0.1-2 
M m, ?$JtJg£ 10~50p m (DtWW^L 

[0026] 

*fl^T-^ffl^n*-^ pM v O w - qSi0 2 - 
rH 2 0( Z.CX- 1^ 3,lg 3,0g rg 10 <DH 
SxRtf vMwtt v=2s w=ltl<B v=w=l 
U < « v=2, w=3, M B±IE A U*)T'^ 

CaO- Si0 2 ( r 7^7.K^-'< S), 6CaO- 6Si0 2 - 
H 2 0(W b-),3Al 2 0 3 - 2Si0 2 (A^< S), 

2ZnO- SiO^-fRSIft), 2MgO- 3Si0 2 - 
3.5H 2 OCtzt^*7-f S),3MgO 2Si0 2 - 2H 2 0(? 
•J V 2 -f JU)g * mf % Z- 1 ifX' * * o 

fc#T-€.4SlC$?£lA^fctf>tUT CaO- Si0 2 
T- tL2> 1 =7 7. K + K B 7f 6CaO • 



Aluminum borate whisker represented by 9A1 2 0 3 . 2B 2 0 3 is 
marketed as "Alborex G " (Shikoku Chemicals Corporation 
product). The average size of fibre is 0.5 to 1 p m , and 
average length is 10 to 30|J m. 



Moreover, by heating above-mentioned 9A1 2 0 3 - 2B 2 0 3 at the 
temperature of 1200- 1400°C in oxidizing or reduction 
atmosphere, if required, the fiber detached from boric acid 
component can also be used. 

[0025] 

Magnesium borate whisker represented by 2MgO ■ B 2 0 3 is 
white needle crystal. For example, it can be easily prepared by 
reacting atleast one kind of magnesium component selected 
from oxide, hydroxide and anhydride salts of magnesium and 
atleast one kind of boron component selected from oxide, 
oxyacid, and alkali metal salt of boron at calcination 
temperature 600 to 1000°C in the presence of solvent selected 
from halogenated sodium and halogenated potassium. 



Aluminum borate whisker represented by 2MgO B 2 0 3 having 
true specific gravity 2.93-2.95, melting point 1320~1360°C, 
is preferred. 

Aluminum borate whisker and magnesium borate whisker of 
average fiber size 0.05~5p m, average length 2 to 100p m is 
manufactured. From the ease point of production, the 
substance having average fiber size 0. 1— 2(j m, average length 
10 to 50p m is preferred. 



[0026] 

The examples of silicate fibrous material represented by 
pM v O w - qSiCV rH 2 0 (here, lg pg 3,1^ qg 3,0g r^ 10, v 
and w may be v = 2, w = 1, or v = w = 1 , or be v = 2, w = 3, 
M is same as above mentioned A) are CaO ■ Si0 2 
(wollastonite), 6CaO- 6Si0 2 - H 2 0 (xonotlite), 3A1 2 0 3 - 2Si0 2 
(mullite), 2ZnO- Si0 2 (zinc silicate), 2MgO* 3Si0 2 - 3.5H 2 0 
(sepiolite), 3MgO- 2Si0 2 - 2H 2 0 ( chrysotile), etc. 



Amongst the all, wollastonite represented by CaO • Si0 2 and 
xnnotlite hv 6CaO- 6SiO->* H-.0 are. nrfife.rred. 
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T-mtftZ>r> : 77,\--)-'( KRff 6CaO • 
6Si0 2 ' H 2 0 T'f^tlSW h7-< K^^^tt; 

4f>Ctt> 77>^M±#" 6 tt±0>J*#* 60 
Mft%tt±, »* U < tt 80 fi*%M±##U 

TfcVJ, M^Jiifci*§5|J m«T<f)^« 80 £ 
M%&±, #* U < » 95 

flittf* 7X15 Stfctf* 10 M±0)/£#* 60 
S*%J5Lt£*f UTUTfc, ttHe 6m m M 
±<7>$#« 80 M*%St±**UT 1****3 

[00271 

anetf' 5|j m tkTo)A#ir 95 ms%m±t- 

fi^TT^ htb# , 6J&Lh©J*#J9 r 90m*% 
[0028] 

-15. S JJ S^-f SfcMfc3Mfl$6CaO 6SiO- 
H 2 0 T'B2ft*mi&tt&WM)l5'1AT'2i> 

wLizmmms. o.5-i|j m , ^amui 

2~5p m, 77,^0 bit 2-15 0) 

Ufco 



xonotlite by 6CaO 6Si0 2 ' H 2 0 are preferred. 



Wollastonite is white needle crystal produced naturally. The 
form can be fibrous or aggregated form. It can be used as it is, 
after grinding, or after sorting, or it can be synthetic. 



Grinding method or production region produces the fiber with 
different aspect ratio.p type wollastonite with high aspect 
ratio is preferred from the viewpoint of reinforcing 
performance. 

In order to improve mechanical properties and thermal 
characteristics, component atleast 60% by weight with aspect 
ratio atleast 6, preferably component atleast 80% by weight. 
In addition, thin and long wollastonite containing component 
atleast 80% by weight with fibre size less than 5 (J m, 
preferably atleast 95% by weight, can also be used. 

In case of large sized long wollastonite containing component 
atleast 60% by weight with aspect ratio atleast 10, component 
atleast 80% by weight with fibre size atleast 6^ m, it is easier 
to break the resin while kneading, and is very difficult to 
possess mechanical properties and thermal characteristics at 
the same time. 

[0027] 

The commercially available wollastonite satisfies the above 
mentioned standards. It is a substance having average fibre 
size 2.0|J m, average fibre length 25|J m, and contains 
component atleast 90% by weight with aspect ratio atleast 6 
and component atleast 95% by weight having fibre size less 
than 5p m, and thus excels in reinforcing performance or 
surface smoothness. 

[0028] 

On the other hand, xonotlite represented by 6CaO 6SiO H 2 0 
is fibrous calcium silicate. Generally, it is synthesized having 
average fibre size 0.5-1 |J m, average fibre length 2-5 p m, 
and aspect ratio 2-15. 



According to the inventor, xonotlite contains water of 
crystallization unlike wollastonite, but it shows same 
dielectric properties, such as low dielectric constant, low 
dielectric tangent, as wollastonite. 

In addition, regarding reinforcing effect, the aspect ratio 
should be large (preferably atleast 6), the improvement results 
in mechanical properties and heat resistance (heat 
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g)tfA±-r*£!jjii£ig&fco 

[0029] 

fl)v7>AJ'r i J>^l>J**VI*W*-S 
tt«-Jifil±T*. 

a »ry TAW 

**«MIM**C*}U 0.3-5 ft«%iQX.Tilffi 
[00301 

©*nift&j*» ©*ft c * t o t ro 

*»WCfflUS*l**«l©5 6(A)|jl»«>* 

u > &m-£tt t (B)«» o) ft wi © s 

»*U<» 20~80:80~20(ftftlfc)fr ; &©# r 
(B)l&#<»'kW 100 MSSPCttLT 0.1-30 ft 

#* u < « 0.5-20 mm^m^t * © 

(D)f8#©X*U>SU*fta##SiBtf*i* 

>!-■ r)l^[y< tt#U 7 I" U>1J\JI,7 4 
K©»^CB: 0.1-30 ftftSP8Sffi-&**lT 

[0031] 



deformation temperature) were observed. 
[0029] 

The fibrous material used in the invention is very effective in 
improving the soaking and bonding characteristics. It can also 
be treated by coupling agent in the range that do not hamper 
the objective of the invention. 

The mechanical properties can be improved after treating with 
coupling agent, such as silane coupling agent, e.g., epoxy 
silane, aminosilane, acrylic silane, or titanate coupling agent. 



The results are satisfactory when treated with epoxy silane, 
amino silane coupling agent. It is present in 0.3 to 5% by 
weight with respect to fibrous material. 

Furthermore, coupling agent used for the invention should 
have low dielectric constant. 

[0030] 

The blend ratio of each component for the production of resin 
composition is explained further. 

The blend ratio of component (A) syndiotactic styrene 
polymer and component (B) thermoplastic resin composition 
is 2 to 98: 98 to 2 (weight ratio). 



Preferably 20-80:80-20 (weight ratio). 

The component (D) styrene polymer is 0. 1 to 30 parts by 
weight, preferably 0.5 to 20 parts by weight with respect to 
100 parts by weight of component (A) and (B). 



One kind or atleast two kind of styrene copolymer is blended 
in the ratio 0. 1 to 30 parts by weight, when component (B) is 
polyphenylene ether or polyphenylene sulfide. If the amount 
is less, uniform polymer blend cannot be prepared due to 
incompatibility, and uniformity of impact resistance, thermal 
properties are also affected. 



In addition, when amount exceeds 30 parts by weight, the heat 
resistance becomes low, and mechanical strength is also 
affected. 

[0031] 
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tt*a»(#y7-y u> ks§^^)ioo sasp 

IZ. (C)«»Oltllltt*!* 5-60 fiiSP, 
U<B 10~50MM»***fc:»'&UT» #§1 

*"»S ft* ^ t U < < , 60 SMS 

[00321 

( i ) x » * tt € a A ? * t Jfc iz 2 ; i <7 t* <d 

CR<tl»it»J*» (3)W3fc14€Kaf 
IC, XftflURiRftJ*. (4)»Mtt*»Af *t 
SttftJR0KMJIb&J«, (5)»»tt*f* 

at) c , Wffismtt^SJ * , (7)Sfe-r * fc * c , 

**k M«4:i:o}j»6M*, ^ft^ftlSUrL 
[00331 



)is ^*y7ntt7x-)i^ tkmwjT. 



aSftST^^SflS^fcRfffc^M 
tt. JX$*7KAU7A, gHts^m-^A 

[00341 

$fflT-€S*f\ ftl«Mltt<:a£aitt««%fc 
a -Jf U«« if 0§!!jSiS»£ff « U < T- 



The component (C) fibrous substance is present in 5 to 60 
parts by weight, preferably 10 to 50 parts by weight in 100 
parts by weight of thermoplastic resin. 



When amount of component (C) is less than 5 parts by 
weight, it shows inferior mechanical properties, low effects of 
dielectric tangent are obtained, hence undesirable. If it 
exceeds 60 parts by weight, the melting and kneading of 
thermoplastic resin becomes difficult, and molding becomes 
extremely difficult as viscosity increases during kneading and 
dispersion process. 

[0032] 

In the invention, in addition to essential components, the 
following are also blended. (1) powder filler, e.g., talc in 
order to improve coating properties, (2) antioxidant to 
improve thermal stability, (3) UV absorbent to improve light 
resistance, (4) fire resistant and fire auxiliary agent to improve 
fire retardancy, (5) lubricant, lubricity modifier (solid 
lubricant, liquid lubricant) in order to improve 

lubricating property, (6) impact resistant agent in order to 
improve impact resistance, and (7) pigments, dyes for color. 



[0033] 

As fire retardant, it is necessary to select between 
thermoplastic or thermosetting resin, generally, oligomer, e.g., 
decabromodiphenyl ether, hexa bromo biphenyl, brominated 
polystyrene, tetrabromobisphenol A; halogenated fire 
retardant, e.g. brominated polycarbonate oligomer, 
halogenated epoxy compound; phosphorus flame retardant, 
e.g., ammonium phosphate, tricresyl phosphate, triphenyl 
phosphine oxide, etc. are used. 



In addition, flame retardant auxiliary agent, e.g. antimony 
trioxide and fire retardants, e.g., zinc borate, barium 
metaborate, zirconium oxide are used together to improve fire 
retardancy effects. 

[0034] 

There is no restriction regarding the preparation of resin 
composition, the conventional well-known method can be 
adopted easily. The mixer equipped with thermal function and 
mixing function, or monoaxial or biaxial screw extruder, etc. 
can be used as manufacturing apparatus. 
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[0036] 

immrn] 

tt d tl 6 tZ * o T Pg 3£ S *l * 0 T- » * U . 
[0037] 

mmm i~is R^aiMi 1-5 



5 1 U>^S-^#(SPS);it$^BS 63-191811 -^C 
Eft* ftfc&^Cft-s TSUjt L to 

ft. SPS 3M4<D$ll$3§&$xtt 6.5xl0- 5 cm/cm/ 
degCOlitl^rio]), 6.3xl0 5 cm/cm/deg C(MM1o 
[S])T-^*o 

72 7 =f- v 1 # U 75 1 U > *53ft^b¥(«c) 
ttft r tii*7^P-^US-305j 

** 'j i - x ;u -f ■=• k (pei);* a a * ? )ix v 

7 MJ ? 7*t§i! r Ulteml000j 

#'J 7iZU>I-xJl(PPE);»flSJ*tt« 
r P101Mj 

*'J7iZU>-9-^7 7-r K;S-7U>*t 
S3! r S-7U>T-4Pj 

**U>*&fi£#;MTC-ARCO tbft 
7~ 7 D-332j 

*7St77*v7A7^7;fJ-;A^t^(*fc) 
ft r *9*-f Sj 

«{^ffluxa i~3 iz^-rpif^cDiJ^T-u-^L 

[0038] [0038] 
III] [Table 1] 



[0035] 

The resin components are mixed in specific amount with the 
help of biaxial screw extruder and supplied to main hopper, 
further fibrous material is introduced while melting and 
kneading, and kneading method is preferred. 

After the preparation of resin composition, it can be molded 
into any molded article, and pellets can also be prepared. 

[0036] 

[Embodiment(s)] 

The results of the invention are explained with the help of 
embodiments and comparative examples. 

[0037] 

Embodiment 1-15 and Comparative Example 1-5 

Syndiotactic styrene polymer (SPS) was manufactured 
according to the method mentioned in kokai no. 63-19181 1. 

Furthermore, the linear expansion coefficient of SPS 
independently is 6.5 X 10" 5 cm/cm/°C (flow direction ), and 
6.3 X 10" 5 cm/cm/ °C (perpendicular direction ). 

Atactic polystyrene: "Idemitsu Styrol U.S. Patent-305 " 
Idemitsu Petrochemical Co. Ltd. product. 

Polyether imide (PEI): "UltemlOOO " United States General 
Electric Co. product. 

Polyphenylene ether (PPE): "P101M " Asahi Chemical Co. 
Ltd. product. 

Polyphenylene sulfide: "Torprene T-4P " Torprene product. 

Styrene copolymer: "Dielark D-332 " MT C-ARCO product. 

Fiber: Aluminum borate whisker, Shikoku Chemicals 
Corporation product "Alborex G " 

Magnesium borate whisker: Otsuka Kagaku product 
"Sowanite " 

The physical properties were measured after blending resin 
composition in the ratio shown in table 1 to 3. 
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Unit 


Embodiment 


Embodiment 
2 


Embodiment 

3 


Embodiment 
4 


Embodiment 
5 


Comparative 
example 1 


Comparative 
example 2 


SPS 


Wt% 


15 


30 


35 


45 


30 


70 




PPE 


Wt% 


45 


30 


35 


15 


35 


70 


35 




Styrene copolymer 


Wt% 


10 


10 




10 


10 






Aluminium borate 
whisker 


Wt% 


30 


30 


30 


30 




30 


30 


Magnesium borate 
whisker 


Wt% 










30 






Dielectric constant t 
(1 MHz, 25°C) 




3.77 


3.48 


3.40 


3.22 


3.25 


2.9 


3.85 


Dielectric tangent tanS 
(1 MHz, 25°C) 


- 


0.0029 


0.0026 


0.0020 


0.0025 


0.0015 


0.0023 


0.003 


Tensile strength 


Kgf/cm 

2 


1280 


1150 


1110 


1020 


980 


900 


1330 


Flexural strength 


Kgf/cm 

2 


1910 


1680 


1620 


1450 


1340 


1200 


2080 


Flexural modulus 


Kgtfcm 

2 


130900 


136800 


132500 


142000 


78000 


147100 


126000 


Izode impact strength 


Kgf/cm 

2 


2.4 


2.0 


1.8 


1.6 


3.9 


1.2 


2.7 


Heat deformation 
temperature 
(18.5kgf/cm 2 ) 


°c 


198 


195 


198 


190 


192 


183 


208 


6 (3 GHz, 25°C) 




3.7 


3.4 


3.3 


3.2 


3.2 


2.98 


3.77 


tan8 (3 GHz, 25°C) 




0.0020 


0.0015 


0.0010 


0.0012 


0.0008 


0.00081 


0.0039 


Linear expansion 
coefficient (x 10' 5 
cm/cm/°C) 




3.2 


3.5 


3.6 


3.8 


3.6 







[0039] 
[H 2] 



[0039] 
[Table 2] 





Unit 


Embodime 


Embodime 


Embodime 


Embodime 


Embodime 


Comparati 


Comparative 




nt6 


nt7 


nt8 


nt9 


ntlO 


ve 


example 4 
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example 3 




SPS 


Wt% 


15 


30 


35 


45 


35 




(APS)35 


PPE 


Wt% 


45 


30 


35 


15 


30 


- 


70 


Styrene copolymer 


Wt% 


10 


10 




10 


10 






Aluminium borate 
whisker 


Wt% 


30 


\ 30 


30 


30 




30 


30 


Magnesium borate 
whisker 


Wt% 










30 






Dielectric constant C 
(1 MHz, 25°C) 




3.12 


3.08 


3.05 


3.02 


2.94 


3.16 


3.08 


Dielectric tangent tan5 
(1 MHz, 25°C) 




0.0027 


0.0025 


0.0024 


0.0024 


0.0014 


0.0028 


0.0025 


Tensile strength 


Kgf/cm 

2 


520 


660 


600 


790 


410 


390 


510 


Flexural strength 


Kgf/cm 

2 


850 


990 


920 


1110 


780 


720 


780 


Flexural modulus 


Kgtfcm 

2 


45000 


72000 


69200 


101400 


28100 


18500 


60800 


Izode impact strength 


Kgf/cm 

2 


2.3 


1.9 


1.8 


1.5 


3.7 


2.6 


1.6 


Heat deformation 
temperature 
(18.5kgf/cm 2 ) 


°c 


173 


180 


182 


184 


178 


162 


105 


£ (3 GHz, 25°C) 




3.0 


2.9 


2.9 


2.9 


2.8 


3.1 


3.0 


tan5 (3 GHz, 25°C) 




0.0010 


0.0011 


0.0009 


0.0006 


0.0008 


0.0018 


0.001 1 


Linear expansion 
coefficient (x 10' 5 
cm/cm/°C) 




4.0 


3.9 


3.7 


3.7 


3.8 




3.9 



[0040] [0040] 
3] [Table 3] 





Unit 


Embodiment 
11 


Embodim 
ent 12 


Embodiment 
13 


Embodiment 
14 


Embodiment 
15 


Comparative 
example 5 


SPS 


Wt% 


15 


30 


35 


45 


30 




PPE 


Wt% 


45 


30 


35 


15 


30 


70 


Styrene copolymer 


Wt% 


10 


10 




10 


10 




Aluminium borate 
whisker 


Wt% 


30 


30 


30 


30 




30 


Magnesium borate 


Wt% 










30 
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whisker 
















Dielectric constant t 
(1 MHz, 25°C) 




3.58 


3.32 


3.35 


3.1 


3.27 


3.85 


Dielectric tangent tan5 
(1 MHz,25°C) 




0.0012 


0.0016 


0.0013 


0.002 


0.0009 


0.0009 


Tensile strength 


Kgf/cm 

2 


1160 


1090 


1050 


1040 


630 


1220 


Flexural strength 


Kgf/cm 

2 


1840 


1680 


1500 


1410 


1260 


2050 


Flexural modulus 


Kgf/cm 

2 


126900 


134200 


132000 


141100 


5220 


119400 


Izode impact strength 


Kgf/cm 

2 


2.0 


1.7 


1.6 


1.5 


3.2 


2.4 


Heat deformation 
temperature 
(18.5kgf/cm 2 ) 


°c 


225 


217 


220 


203 


215 


238 


€ (3 0Hz,25°C) 




3.5 


3.2 


3.2 


3.0 


3.2 


3.7 


tan8 (3 GHz, 25°C) 




0.0008 


0.0009 


0.0007 


0.0003 


0.0005 


0.0012 


Linear expansion 
coefficient (x 10' 5 
cm/cm/°C) 




2.9 


3.3 


3.4 


3.6 


3.5 





[0041] 

mmm 16-30 r&&&m 6-9 

MmV(®Z. r ? = 77,bi-'( h;CaO- Si0 2 ;Partek 
Minerals *t|8 r WICROLL-10j MVVh^ 
-<h;6CaO- 6Si0 2 - H 2 0 C£*.fcJ5l£M*HiS 

« j-15 fcB*cmiiu mmmmzB. 4-6 

[00421 
[114] 



[0041] 

Embodiment 16~30 and Comparative Example 6~9 

Fiber wollastonite: It was operated in same way as 
embodiment 1 to 15, except using CaO Si0 2 ; Partek Minerals 
Co. Ltd. "WICR OLL-10 " and xonotlite: 6CaO 6Si0 2 - H 2 0. 
The results are shown in table 4 to 6. 

[0042] 
[Table 4] 





Unit 


Embodime 
nt 16 


Embodime 
ntl7 


Embodime 
nt 18 


Embodime 
ntl9 


Embodime 
nt20 


Comparati 
ve 

example 6 


Comparative 
example 7 


SPS 


Wt% 


15 


30 


35 


45 


30 


70 




PEI 


Wt% 


45 


30 


35 


15 


30 




70 


Styrene copolymer 


Wt% 


10 


10 




10 


10 






Wollastonite 


Wt% 


30 


30 


30 


30 




30 


30 


Xonotlite 


Wt% 










30 
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Dielectric constant £ 
(1 MHz, 25°C) 




3.3 


3.09 


3.04 


2.91 


3.21 


2.82 


3.45 


Dielectric tangent tan5 
(1 MHz, 25°C) 




0.0040 


0.0037 


0.0033 


0.0030 


0.0041 


0.0022 


0.0053 


Tensile strength 


Kgf/cm 

2 


930 


750 


690 


590 


720 


430 


1120 


FlexuraJ strength 


Kgf/cm 


1550 


1340 


1220 


1100 


1290 


900 


1760 


Flexural modulus 


Kgf/cm 

2 


46200 


40900 


38400 


39000 


39800 


34500 


79400 


Izode impact strength 


Kgf/cm 

2 


1.7 


1.9 


1.8 


2.0 


1.8 


2.1 


2.9 


Heat deformation 
temperature 
(18.5kgf/cm 2 ) 


°c 


196 


192 


195 


188 


190 


180 


205 


£ (3GHz,25°C) 




3.3 


3.1 


3.0 


2.9 


3.2 


2.8 


3.4 


tan5 (3 GHz, 25°C) 




0.0036 


0.0020 


0.0014 


0.0011 


0.0022 


0.00066 


0.0048 


Linear expansion 
coefficient (x 10" 5 
cm/cm/°C) 




3.4 


3.5 


3.7 


4.2 


3.7 







10043] [0043] 
115] [Table 5] 





Unit 


Embodiment 
21 


Embodiment 
22 


Embodiment 
23 


Embodiment 
24 


Embodiment 
25 


Comparative 
example 8 


SPS 


Wt% 


15 


30 


35 


45 


30 




PPE 


Wt% 


45 


30 


35 


15 


30 


70 


Styrene copolymer 


Wt% 


10 


10 




10 


10 




Wollastonite 


Wt% 


30 


30 


30 


30 




30 


Xonotlite 


Wt% 










30 




Dielectric constant £ 
(1 MHz, 25°C) 




2.85 


2.89 


2.86 


2.92 


3.0 


2.8 


Dielectric tangent tan5 
(1 MHz, 25°C) 




0.0028 


0.0027 


0.0026 


0.0025 


0.0031 


0.0029 


Tensile strength 


Kgf/cm 

2 


600 


690 


640 


810 


650 


580 


Flexural strength 


Kgf/cm 

2 


940 


1050 


990 


1120 


990 


890 


Flexural modulus 


Kgf/cm 


49800 


82100 


79900 


110700 


75600 


18900 
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2 














Izode impact strength 


Kgf/cm 


3.7 


2.8 


2.6 


2.0 


2.7 


4.6 


Heat deformation 
temperature 
(18.5kgf/cm 2 ) 


°C 


171 


177 


179 


181 


175 


160 


e (3 GHz, 25°C) 




2.7 


2.8 


2.8 


2.8 


2.9 


2.8 


tan8 (3 GHz, 25°C) 




0.0012 


0.0013 


0.0011 


0.0008 


0.0014 


0.0015 


Linear expansion 
coefficient (x 10' 5 
cm/cm/°C) 




4.2 


4.1 


3.9 


3.8 


3.9 





100441 [0044] 
1^61 [Table 6] 





Unit 


Embodiment 
26 


Embodiment 
27 


Embodiment 
28 


Embodiment 
29 


Embodiment 
30 


Comparative 
example 9 


SPS 


Wt% 


15 


30 


35 


45 


30 




PPS 


Wt% 


45 


30 


35 


15 


30 


70 


Styrene copolymer 


Wt% 


10 


10 




10 


10 




Wollastonite 


Wt% 


30 


30 


30 


30 




30 


Xonotlite 


Wt% 










30 




Dielectric constant £ 
(1 MHz, 25°C) 




3.51 


3.28 


3.30 


2.96 


3.4 


3.69 


Dielectric tangent tan5 
(1 MHz, 25°C) 




0.0013 


0.0017 


0.0015 


0.002 


0.0021 


0.001 


Tensile strength 


Kgf/cm 

2 


620 


530 


490 


490 


500 


700 


Flexural strength 


Kgf/cm 

2 


1510 


1260 


1180 


1120 


1110 


1690 


Flexural modulus 


Kgf/cm 

2 


51200 


43500 


41100 


38800 


40900 


58200 


Izode impact strength 


Kgf/cm 

2 


1.4 


1.7 


1.6 


1.9 


1.6 


1.2 


Heat deformation 
temperature 
(18.5kgf/cm 2 ) 


°c 


222 


214 


218 


201 


212 


235 


z (3 GHz, 25°C) 




3.4 


3.2 


3.2 


2.9 


3.3 


3.6 


tanS (3 GHz, 25°C) 




0.0012 


0.0014 


0.001 1 


0.0008 


0.0009 


0.0017 


Linear expansion 




3.2 


3.5 


3.7 


2.8 


3.7 
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coefficient (x 10' 5 
cm/cm/°C) 
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[0045] 

[Effects of the Invention] 

As mentioned above, the resin composition possesses 
outstanding heat resistance, dielectric properties, and 
outstanding mechanical strength, heat resistance of 
polyphenylene ether or polyether imide by improving the 
compatibility of syndiotactic styrene polymer. In addition, the 
mechanical strength, heat deformation temperature (solder 
heat resistance) is increased after blending with fibrous 
material represented by the formula aA x O y * bB 2 0 3 or 
pM v O w - qSi0 2 * rH 2 0 maintaining the low dielectric constant, 
and reducing the dielectric tangent considerably. Moreover, 
when coefficient of thermal conductivity is large, low 
dielectric resin composition is offered as circuit board with 
improved radiation property. 
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